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OVERVIEW

We have carried out a one and one-half year study focusing on

problems related to the creation, testing, and distribution of mathe-

matical software. During this period we discussed these problems with

a number of individuals who are vitally concerned with their solution

and who are employed by government laboratories, universities, and pri-

vate industry. We Chose to interview in dept.; a relatively small group

of people who are very active in the mathematical software area, pre-

ferring this approach to a broad opinion survey. We have gained in-

sight from extensive and intensive discussions with these experts and

they have expressed their interest in becoming involved with a broadly

based attack on the problems.

We began with the belief, which has been strengthened, that there

is a need for better mathematical software than is currently available,

and that something can and should be done about it. Bad software results

in the degradation of the computer as an effective scientific tool. While

the waste in financial and human resources implied by this fact is not

always dramatically obvious, its importance arises from the heavy depen-

dence placed by the scientific and engineering communities on the computer.

Thus the consequences of bad software, 1,hile perhaps subtle, have a pro-

found effect on the advance of science and technology.



0

4"

2

One common observation, illustrating the waste of resources, is
I

that many scientists write their own mathematical software. This prac-

tice is a result of their lack of trust in the software available to

them and the difficulties they encounter in obtaining and utilizing it.

Another form of waste, is illustrated by the large gap between the

development of algorithms and the implementation of these algorithms as

computer programs. Progress in numerical mathematics in the last decade

has resulted in good methods for performing a number of fundamental

computations that arise in science and engineering.' But during the same

period the complexity of computing systems has vastly increased, thus

enlarging the problem of molding good software from good methods. The

potential of the intellectual advances is not being realized.

Our conversations during the course of this study have convinced us

that resources exist which, if properly utilized and further developed,

can significantly improve this situation so that scientists and engineers

can be provided with mathematical software that they can use effectively,

that they can trust, and that will represent the state of the art in num-

erical algorithms. We will attempt to distill and interpret those con-

versations in this report.

We recognize that the creation of good software is a difficult and

demanding endeavor requiring a variety of talents applied by the best people.
S

It cannot be successful without careful coordination of activities in 'turner-

ical mathematics, program testing, documentation, and distribution. We have

formulated a recommendation for the first steps toward an organizational

structure within which experts in these fields can cooperate so that their

efforts lead to high quality mathematical software.



3

After summarizing the purposes of this planning study and the

activities in which we have engaged, we shall present brief synopses

of opinion on certain key issues. It would be surprising if there were

unanimity among those actively engaged in a field as new and volatile

as the creation of mathematical software. However, we believe that

consistent patterns of opinion amount to a consensus on the major issues

and that the will exists to work out the operational details. We claim

that we have listened carefully and speak in good faith, but naturally

we assume full responsibility for the interpretations and recommendation.

Several documents are attached and form an integral part of this

report. A list of them follows, together with the abbreviations we shall

use in making reference to them:

SqR Proceedings of the Software Certification Workshop held at

Snow Mountain Ranch, Granby, Colorado, August 27-30, 1972;

(M; 5 5 dOC ,) 11+ E-Aoli .58 II)

DIS "Summary of Discussion Related To the Issue of the Creation,

Validation, and Distribution of Mathematical Software,"

prepared by Dorothy Lang from notes of Wayne Cowell and

Lloyd Fosdick;

MSA "A Mathematical Software Alliance" by Wayne Cowell and

Lloyd Fosdick, a working paper for discussion;

DSR "Distributing Software Study and Report," by Dorothy E. Lang

for Lloyd Fosdick and discussion.

Purposes of the Study

Three broad purposes were served by the activities in this study.

These were:
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Pl. To explore with the scientific computing community certain

basic questions regarding the creation, testing, and dis-

semination of high quality mathematical software. These

. questions centered on the following issues:

a. The meaning of quality in software;

b. Education in software evaluation;

c. Research in software evaluation;

d. Determination of user needs for mathematical software;

e. The publication and distribution of algorithms and software.

P2. To prepare a conceptual plan for an organizational structure to

focus the processes of creating, evaluating, and disseminating

mathematical software; to stimulate discussion of the plan.

P3. To use editorial activities connected with the Algorithms

Department of the Communications of the Association for Computing

Machinery as a proving ground for techniques in refereeing

algorithms submitted for publication.

Project Activities

In pursuit of the above purposes we:

Al. Conferred with about two dozen leaders concerning the questions

in P1 and P2; these discussions are summarized in DIS;

A2. Originated the concept of a "mathematical software alliance"

in response to P2; a description of the alliance as presented

for discussion is given in NSA;

A3. Conducted a Software Certification Workshop at Snow Mountain

Ranch near Granby, Colorado, August 27-30, 1972. The proceedings

(SIR) were prepared by editing the tape recorded sessions;
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A4. Involved student research assistants in editorial activities

and studies of techniques for software distribution; the re-

sults were reported by Lloyd Fosdick under Discussion Topic II

of SMR and by Dorothy E. Lang in DSR.

Brief Synopses

This section provides a condensation of opinion on various topics

and serves as a guide to documents where these opinions are more fully

expressed.

Software Quality

It is evident that the expression "quality software" connotes a

useful concept even though a precise definition proves to be elusive

and probably unnecessary. Attachment of this expression to a particular

piece of software is a subjective exercise and, in the final analysis,

depends on the judgment of recognized experts. The idea of quality

recognizes considerably more than characteristics of the software itself;

in particular, it includes such attributes as completeness of the docu-

mentation, performance of the program relative to its documentation,

comparison of the program with others of the same type in terms appropriate

to the problem, aad aiequacy, of continuing maintenance and support.

An important notion that emerged was reproducibility of results.

The analogy frequently drawn was with the scientific experiment, described

in sufficient detail to permit repetition by independent workers. It was

felt that a similar principle should apply to quality software, i.e., test

procedures should be described in sufficient detail to permit other users

to repeat them and reproduce the original results.
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It was observed that rigorous proofs of correctness do not exist

for most practical programs and'the feeling was expressed that their

existence is not on the near horizon. Correctness of practical pro-

grams Will rely on certification procedures and imposition of structures

on program organization that permit easy testing and reduce the likeli-

hood of errors. Formal correctness is an important long -tern research

goal.

Pointers to further discussion:

Chauctenizing 6o6twau quaity Discussion summaries, SMR Topic I;

Draft definitim of "certification," SMR, p. 59; Hull & Cowell, SMR

Topic I; Cody [ "The Evaluation of Mathematical Software" in Program

Test Methods, William C. Hetzel, ed., Prentice-Hall, 1973].

Evatuation methodotogy Hull, Cowell, and Newbery, SMR Topic I.

Genenat DIS, Sections I and II.C. (Note clarification of IMSL position

in Battiste, SMR Topic VI.); Ng Mathematical Software Testing Activities"

in Program Test Methods, William C. Hetzel, ed., Prentice-Hall, 19731.

Education and Internship

While there was general agreement that the subject of software evalua-

tion should be a component of a computer science curriculum, it was not

felt that specific courses on this subject were appropriate. Instead, the

attitude was that the study of evaluation and development of an apprecia-

tion of software quality should be part of other courses; for example,

courses in numerical mathematics. Internship programs, permitting on-the-job

training in the development of quality software, were also recommended as a

potentially productive mechanism for education in this area.
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Pointers to further discussion:

Courac design - Newbery, SMR Topic II; Thacher discussion summary, SMR

Topic II; DIS, Section II.D.

On-the-job - mining Fosdick, SMR Topic II; Thacher discussion summary,

SMR Topic II; DSR is the report of a student project.

Research In Software Evaluation

While research in numerical mathematics enjoys a high academic status

in departmeats of computer science, the same does not appear to be the rule

for research aimed at the creation of methc...'s and tools for evaluation of

mathematical software. Part of this is simply a reflectiori of attitudes

with respect to "pure" and "applied" research. However, this situation is

also due tc the fact that little academically oriented work has been done

in this area; consequently there are no established frames of reference.

Change is indicated and promising research programs in this area are being

initiattAl at some universities.

Applied research in software evaluation goes on in non-academic

institutions in response to mission oriented needs. There is a recognition

that bridges joining such activities with those at universities would be

very beneficial and should be encouraged.

Pointers to further discussion:

Attitudes toward teseakch Osterweil and Fairley discussion summaries,

SMR Topic III.

Some cutftent useault auctions - Boyle and Fairley, SMR Topic III;

Sadowski, SMR Topic III and with D. W. Lozier ["A Unified Standards Ap-

proach to Algorithm Testing" in Program Test Methods, William C. Hetzel,

ed., Prentice-Hall, 1973.j
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Geneut - Fritsch, SMR Topic III; DIS, Section II.

Liaison with Users

Differences in interests and attitudes create communication barriers

between users of mathematical software and the experts who create algorithms

and software. Frequently users fail to appreciate the difficult, and

hazards of numerical computation with the result that they attempt to write

orograms in simplistic ways, with poor results. Moreover, they are not

always sympathetic to the investment required to.produce good software.

Keen awareness of the needs of the user community is uncommon among

mathematical software professionals.

Various methods of improving communications have been suggested. These

include: small working seminars focusing on a particular applications area;

monitoring of software usage to provide helpful feedback; ready availability

of expert consultation (in person and by phone) designed to attract users to

recommended routines and increase confidence that these routines could be

safely used; users groups representing a particular area of interest.

Pointers to further discussion:

Useit needs Smith, SgR Topic IV.

U6e4/expela intaaction Ng, SMR Topic IV; Stewart and Hetzel discussion

summaries, SMR Topic IV; DIS, Section III and Section V.B.1.

Publication and Distribution

The possibility of a journal of mathematical software was raised on

several occasions. Supporting reasons were that such a journal would pro-

vide a focal point for work in this area, assist in establishing standards,

and be an outlet for professional work providing a professional recognition
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function as well as a communication function. Journal proponents voiced

the opinion that existing journals do not provide an adequate communica-

tion mechanism for much work in mathematical software; either the editorial

pIlicy precludes publication of such work or the lcz professional standards

of the journal discourage many from using it.

In exploring the role of the private sector in producing and dis-

tributing programs we saw again the importance of establishing bridges

between universities, government research laboratories, and private enter-

prise. Obvious conflicts arise between private proprietary interests

and the interests of free exchange of information. However, our impression

was that the problems raised here could be resolved.

Pointers to further discussion:

Joumat o6 mathemmaca to6tiome - Rice, SMR Topic V; Csterweil and Fairley

discussion summaries, 64R -Topic III; DIS, Section N.B.

PAivate 6ecto4 tote - Battiste, SgR Topic VI; Lawson discussion summary,

SMR Topic VI; DIS, Section IV.C.

Organization to Foster Mathematical Software

The concept of a mathematical software alliance grew out of our dis-

cussions. A broad plan for the alliance, identifying problem areas, types

of activity, and division of labor was discussed at. some length with general

agreement on the central ideas. The feeling emerged that a planning group

should be Istablished to work out the details of its structure, its identifi-

cation with institutions, its ini.cial tasks, and its funding. (See

Recommendation.)
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Pointers to further discussion: k,

A ntathematicat sotterme attionce. - MSA; Ccue 11, MI Topic VI. Lynn and

Lawson discussion summaries, SIR Topic VI.

Zemanko on ptivate aectok Aote. - Battiste, SC Topic VI.

Rematch on NSF network pkognoni - Sherman, SMR Topic VI.

Ge..tenat - DIS, Section V; Fosdick [The Production of Better Mathematical

Software, CACf, vol. 15, nr. 7, July 1972, p. 611.]

/
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RECOMMENDATION

As a result of this study, we are convinced that an alliance of in-

stitutions should be established to provide a national focal point for the

creation, evaluation, and dissemination of high quality mathematical soft-

ware. The document MSA can be used for general guidance, but the initial

steps must be carefully taken so that a well-adapted structure evolves.

WE RED:MEND the formation of a Mathematical Software Advisory Couneil

of 6-10 members representing the mathematical software and user communities

and selected from universities, government laboratories and the private

sector. We further recommend that this Advisory Council be charged to:

1) Initiate a program of research on methods for evalUating mathe-

matical software. The initial effort would be viable at the level of two

man years per year if it could be located at some established institution

(most appropriately a university) where senior scientists had a genuine

interest in the creation of good mathematical software;

2) Assume technical review and policy guidance for selected activities

now underway, in particular the MATS project and research at the University

of Colorado on the dynamic and static analysis of computer programs.

3) Enter into contracts with selected firms in the private sector to

supply mathematical software adhering to standards of documentation and per-

formance established by the Advisory Council. This endeavor would be con-

ducted to explore the mechanisms for obtaining mathematical software through

private enterprise;

4) Provide a plan for the integrated growth of the above initial

activities. This plan should deal with

a) organizational structure,

b) funding short term and long term,

c) technical objectives - short term and long term.
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Summary of Discussion Related to the

Issue of the Creation, Validation and Distribution

of Mathematical Software

The attached material is drawn from discussions Wayne Cowell

and Lloyd Fosdick had with a number of individuals who are listed on

the last page. In these discussions we tried to focus on specific

topics related to the creation, validation, and distribution of mathe-

matical software. These topics are the headings of the attached mater-

ial. The discussions frequently tended to center on only a few of these

topics depending on thc special interests of the individuals involved.

Thus the views represented here do not necessarily reflect a majority

opinion, but they do reflect a fair impression of the comments we

received. This material w,s prepared by Dorothy Lang of the University

of Colorado from notes taken by Wayne Cowell and Lloyd Fosdick.



I. SOFTWARE QUALITY: WHAT DOES IT MEAN?

A. Levels or Gradations of Quality

It was the general feeling that gradations such as A,B,C should

not be considered for a collection of scientific software; rather

it was felt that all of the software should be of top quality. The

notable exception was the IMSL 'group. It was the feeling here that

more than one level of acceptability would be appropriate. (It

appears t, at the primary reason this group maintained that more than

one level of quality would be acceptable was connected with their

interest in being able to place a software package on the market to

meet certain schedules or demands before it might have achieved a

level of perfection.)

B. Criteria for Quality Software

In recognition that some program might be good according to

some definitions and not so good according to others, it is of

primary importance to describe the basic characteristics and

behavior of the program. This would allow the potential user to

make a decision on whether or not the program was good for him

without tagging it as "good, better, best". Such information might

include things such as core requirements, accuracy, execution time

and test case results, etc. It was also pointed out that infor-

mation about trade-offs among the various characteristics would be

very useful to the knowledgeable user; but the naive user should

hive reasonable defaults among the various options.
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C. Complexity and Quality Relationship

It is the opinion of one person that complexity should be

minimized, i.e. short programs are better even if more complex

programs do more (when they work). This might be an argument

for packages in which the components are simple.

II. Research - Testing and Evaluation

A. Role of University and Government Agencies

There was general agreement that the activities concerning

development and writing of programs should be distinct (by groups

of people) from activities concerning field testing and certi-

fication of programs. This leads to an important distinction

between basic research in the areas of testing and evaluation,

and actual field testing and evaluation of software programs.

Such research should interface with the on-going activities of the

certification process. However, the boundary between the two is

extremely hazy, particularly in discussions concerning the role

of universities, government laboratories and agencies, and pri-

vate industry and their respective relation to the alliance. In

general, it is felt that research (including that of testing and

evaluation) and development of software should be done at the

university level; the systematic field testing, certifying and

initial distribution might best be handled by a non-university

institution; e.g. Argonne National Laboratory.

B. Establishment of Test Procedures

Presently, the creation of high-quality software is intellect-

ually challenging but is not highly regarded as a professional



activity. It is generally agreed that a co-ordinated and consis-

tent program is both important and needed (not only for the estab-

lishment of test procedures). The need was recognized, but exactly

how this would come about was not determined. Some people are

doubtful of directed research (establishment of a program of research)

arguing that it is difficult to channel good people into specific

research areas and that the current role of universities with respect

to research and mathematical software might be sufficient. On the

other hand, recognition of specific needs of the scientific community

toward which the research group would give its attention, as pro-

posed within the software alliance, might be more effective than

letting research in such areas develop by chance. The proposed pro-

gram is not meant to displace current independent research in mathe-

matical software.

C. Development of Test Procedures

The feeling was expressed by some that rigorous test procedures

concerned with proving correctness of programs and other less rigor-

ous standards would not be terribly fruitful in the near future.

Support was expressed in developing tools which would aid testing

and certification of software. It was felt that the more important

component of testing activities should involve a practical consider-

ation of the numerical properties of the algorithm.

The approach taken by IMSL as a company is somewhat different.

A member of their advisory panel or a consultant who is an expert

in the field is asked for assistance in checking and testing the

algorithms. Apparently, no general checklist or procedure is followed

for all programs; instead, the advice of their consultant or panel

member on what is adequate and necessary is considered sufficient
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for certification.

Whatever approach is used, it has been suggested that evalua-

tion procedures be documented, so as to be repeatable in the same

way a scientific experiment can be duplicated.

D. Education in Testing and Evaluation

There was general agreement that more emphasis should be

placed on utilization of computer libraries - paracularly in

computer-based courses. An example of such use can be found at

Carnegie-Mellon where software testing and certification is con-

sidered an excellent activity which should be (and is) included

as part of their educational program.

0 III. Determination of User Needs and the Development of Software

A. Directed Research

One method of determining the needs of different people is

through directed research. An example of directed research cited

in discussion runs as follows:

1) communicate with users in a given area to determine

0

their basic software needs

2) develop such software as input to testing-evaluation-

dissemination processes

The belief is that step two requires a level of sophistication re-

lating to software concerns that is lacking with users in a given area.

B. Establishment of Users' Groups

A second mechanism to determine user needs is establishment

of users' groups. Such groups would consist of representatives hav-

ing a need for mathematical software to determine guidelines for

development and procedures.



IV. Recognition and Distribution

A. Advertising and Publicizing

It was generally felt by all those asked that there is a

market for good software, but that marketing of such software

is not emphasized strongly enough. It is important to publicize

the existence of quality software if those who should use it are

to become aware of it. It follows, then, that distribution must

be an active concern of the center.

B. Professional Recognition

One way of publicizing the software of the alliance is by

giving professional recognition to any software developed -

possibly via a journal published by the software alliance and/

or establishment of a professional organization. This could

. provide a medium for distribution on the first level (awareness).

Questions concerning the relationship of such a journal to the

algorithms section of the CAI have not been fully explored.

Tentatively, it is felt that existing media should continue;

and the alliance should co-operate with them by aiding the

refereeing process. In turn the alliance might certify and dis-

tribute programs developed elsewhere (by other than the alliance.).

C. Role of the Private Sector

Several methods for the actual distribution of programs

have been proposed. One proposal suggests that private agencies

could be contracted for distribution of the software only after

said software has been certified. The details of how this might

be done is a difficult and politically charged problem - conflict

of interest, etc. Any such contracted company should be willing

5
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to allow free and open access to information they had regarding

the development of computer programs (i.e. no privileged activi-

ties). However, should the federal government enter this area,

could private distribution organizations become non-existent?

D. Distribution via a Network: The Role of the Alliance with

Respect to a Net

Another possible method for the distribution of programs

might be through a network such as the ARPA net. Possibly, the

alliance could be considered as a node in the net, acting very

much like a library for mathematical software. Members of the

net could obtain their programs and documentation over the net.

This would be one manner of distribution rather different than

that envisioned for a private company. The possibility of be-

coming a library for scientific subroutines which is a node in

the ARPA net or the possibility of a future "NSF" net, or both,

is extremely inviting and should be given serious consideration.

V. Organization: Structure, Co-ordination, and Funding

A. Structure

According to some, the system should be flexible enough to

allow people to follow their own ideas, yet provide enough struc-

ture and direction to identify needs and see that they are met.

Whatever the structure, both political and practical considerations

are important.

It has been proposed that the activities of the alliance be

overseen by a board of governors consisting of representatives

from the different agencies involved in the alliance. It was the

6
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feeling of one individual that the board (of governors) should not include

anyone from private industry because of the potential conflict

of interest that it might reflect. (Note: a network distribu-

tion such as the ARPA net might remove any such possible con-

flict of interest.) Doubt has also been expressed that the same

group of people (or board) would have the talent to handle both

financial and technical affairs equally well. A model similar

to the IMSL operation was suggested - a board of trustees which

receives authoritative expert advice.

In order to clarify the role of the participating institutes

and their relation to the alliance, it was thought best by one

that the working draft be more specific as to what institutions

might be involved in the alliance.

B. Co-ordination (interfacing)

There was general agreement as to the alliance organization

and division of labor as outlined in the working draft:

research and development at universities
testing and certification at government laboratories

dissemination and support by private company or network

However, co-ordination of these activities is necessary and several

plans directed toward easing exchange of information have developed:

1. establishment of a federal scientific software users group

consisting of about a dozen representatiires of various agen-

cies having a need for mathematical software. Such a group

would act in a consultative and advisory capacity in an

attempt to develop a set of guidelines for testing scientific

software of importance to the government. This group could

be one mechanism of communication to the developers of pro-

grams of a more practical nature. Interest was expressed



0

by (12) in overseeing such a group.

2. establishment of a network of graduate students under super-

vision to perform some field testing. (This has been a

well received idea.)

3. exchange of staff between the research and development group

and the dissemination and support group. The same mechanism

might also be established between the research and develop-

ment group and the testing and evaluation group. Given that

the normal route of software would be from the research and

development group to the dissemination and support group

(for systemization - formatting a consistent package), such

an exchange could be quite useful. A staff member who is

working on systemization of a program would have an oppor-

tunity to work with the researcher who is an expert in the

area toward which the program is directed. Reciprocally, a

member of the research and development group (a faculty mem-

ber or possibly a graduate student) would have the opportunity

to visit the dissemination and support group to work (mid

learn) the practical aspects of developing computer programs

for wide distribution. (This has interesting potential for

visiting graduate students when the dissemination and sup-

port group is a private company.)

C. Funding

Due to the different agencies and institutions presently

having activities funded by a variety of sponsors, possibly, the

efforts of participating agencies and institutions should be

funded independently (of the alliance), but should be program-

matically consistent with the alliance. There was also mention

8
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of the possibility of having a software dissemination and testing

project funded by several, agencies simultaneously such as AEC,

NSF, and NASA.

The question was raised whether NSF (or any sponsoring agency)

would go along with the idea of a board of governors writing con-

tracts to individuals or groups either for research or for specified

services. It has been suggested that possibly NSF could give the

grants directly upon the advice and counsel of the board.

There is hope that eventually the center will be able to support

itself. However, it is felt that in order for a center to become

self-supporting present attitudes, particularly toward money currently

spent on software, must change. As an example, it was pointed out

that a typical University Computing Center would be more likely to

spend 5K on student appointments to develop doubtful programs than

to use the same 5K to buy good software. This feeling supports the

thesis that distribution must be an active concern of the center

(as mentioned previously in section A, topic IV.)

VI. Miscellaneous

A. Support of programs might best be handled by the author(s) rather

than the distribution center(?).

B. Hard facts are needed to support the position that an activity such

as the alliance, should be created.

C. It is a strong feeling of one individual that the institute should

have a physical location. It would facilitate the mechanism of exchang-

ing information among the different co-operating agencies and sec-

tions of responsibility (research and development, testing and
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certification, dissemination and support) as described in section

B(3), topic V.

D. Involvement of the private sector in a testing and/or dissemination

activity was generally considered a difficult problem.

E. Enlightened management must bring together people and problems.

10
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A Mathematical Software Alliance

Wayne Cowell and Lloyd Fosdick

Working paper for discussion as part of the Ar3onne

National Laboratory-University of Colorado Study

"Planning an Approach to Testing and Dissemination
of Computer Programs for Research and Development "*

Effective application of the computer to problemsrin science and

engineering 7equir°s that fundamental mathematical calculations be performed

with great accuracy and efficiency. The scientific user should be able to

carry out basic computations easily and to rely confidently on the results.

Unfortunately, there is a gap between expectation and accomplishment. Only

in a few research institutions did the rapid, somewhat chaotic, growth of

high speed computing inspire the creation, careful refinement and effective

dissemination of high quality software. But increasing concern for quality

and efficiency is felt among scientific users and mathematical software

specialists. who are seeking return commensurate with personal and capital in-

vestments in computing.

To illustrate ways in which this concern has been translated into

various kinds of action, we cite three examples:

(1) A Mathematical Software Symposium was held at Purdue

University on April 1-3, 1970, under the sponsorship

of ACM SIGNUM with funding from ONR. A book "Mathe-

matical Software" (Academic Press, 1971) edited by

John R. Rice is based on the proceedings of the

symposium and also discusses the current status and

possible future directions of work in mathematical

421 software.

* Work supported by the National Science Foundation.
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(2) The NATS project is an NSF-funded collaborative effort

by Argonne National Laboratory, b ,nford University, and

The University of Texas at Austin in cooperation with

various field test sites, to certify and disseminate

mathematical software.

The purpose of this prototype venture is to ,develop ways

of supplying the scientific computing community with

highly reliable subroutines.

(3) In the private sector the International Mathematical and

Statistical Library (IMSL) of Houston, Texas, provides

libraries of subroutines and consulting services to sub-

scribers. The corporate intent is to upgrade and maintain

these libraries at current "state-of-the-science" levels.

This paper explores ways of organizing a national effort to meet the

need for good mathematical software. Since any such venture must reflect the

processes by which such software is created and made available to the user,

we will first examine the factors involved in its production.

Systematized collections of computer programs evolve from a con-

ceptual base in theoretical mathematics through a series of steps in which

numerical methods are discovered, efficient algorithms for specific tasks are

devised, programs based on the3e algorithms are written, and collections of

these programs are packaged, tested, refined, and distributed as supported

software. This is a long chain of events touching several areas of interest.

Specialists in one area need to see the role that their particular skills and

interests play in the evolution of good software and to be able to relate to

specialists who concentrate on other aspects of the process.

It seems natural to divide mathematical software evolution into

three stages;
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Stage I Research and Implementation

Stage II Evaluation and Refinement

Stage III Dissemination and Support

To give meaning to these terms we list below examples of types of

activities associated with each stage.

I. Research and Implementation

a. Research in support of software development: error

analysis, termination criteria for iterative processes,

interval arithmetic, arithmetic characteristics of

machine hardware, program testing methodology, hard-

ware media to facilitate exchange of routines. Comment:

Emphasis should be on problems arising from practical

attempts to produce, test and disseminate mathematical

software.

b. Critical surveys of literature (three to twelve months'

work by an expert resulting in a report covering, say,

numerical treatment of differential equations).

c. Computer based comparisons of methods (e.g. Hull, et al,

Comparing Numerical Methods for Ordinary Differential

Equations, University of Toronto Computer Center Report

No. 29).

d. Development of numerical methods for classes of problems

(e.g. linear algebra, differential equations, function

approximation), guided by I.b and I.c.

e. Development of efficient algorithms for specific tasks

(e.g. eigenvalues of large band matrices, approximation

of gamma function), guided by I.d.
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f. Writing, debugging and documenting programs which implement

the efficient algorithms developed in I.e.

g. Translating programs from one algorithmic language to

another.

h. Gathering programs for a given problem area into a col-

lection and unifying the collection into,a package with

consistent calls, modes of calculation, etc.

i. Writing supervisory control programs permitting the use

of packages at a relatively high level of problem des-

cription.

j. Organizing workshops involving users and mathematical

software specialists.

II. Evaluation and Refinement

a. Development of standard benchmarks and test cases for

various classes of problems.

b. Testing and refining programs through trial of standard

cases (see Ma), field testing, tailoring to a particular

system, and other methods (e.g., on-line test case generation)

that may be developed (see I.a). Comment: The methodology

of the EATS project is both example and guide.

c. Application of testing methodology as a feature of ref-

ereeing algorithms submitted to journals. Comment: This

might be accomplished by graduate student assistants working

under the supervision of senior referees.

III. Dissemination and Support

a. Distribution of certified programs to the user community

and publication of algorithms.
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b. Support of certified programs through consultation

and remedying of incorrect perforMance. Comment:

This should involve the developers of the routine.

We assert that the high quality mathematical software that now exists

and is readily available has, in one way or another, passed through these three

stages. Yet very few institutions support activities that ektend from research

through evaluation tc distribution and virtually no individual is really expert in

every stage of software evolution. The scarcity of first-rate software is largely

explained by the difficulty of bringing such a diversity of interests and skills

to bear on the problem. We propose an organizational framework based on the

premise that an alliance of institutions is needed to provide the necessary

range of talent. Such an alliance must facilitate communication among people

with pertinent interests and skills and stimulate them to address the problems

discussed above.

We shall assume that a parent organization will supply leadership

and initial financial support during the formative stage and will accept re-

sponsibility for the continuing vitality of the resulting organization. The

parent organization might be (1) a government agency or laboratory, (2) a

university, (3) a consortium of universities, (4) a professional society.

The first step would be to form a group of 6-12 persons who are

recognized and respected authorities in mathematical software. This group

would give expert technical guidance in the choice of particular mathematical

software objectives to pursue as the first tasks of an alliance. After work

had commenced, the group of experts would continue to review the objectives

and evaluate progress toward them. It would be responsible initially to the

parent organization and then, through some appropriate mechanism, to the

funding agency when the alliance h..:-' oqtc.bliellea, The neiv4crry nA -.-e74av

a
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group would meet regularly to consider matters of technical policy but it would

not have operational responsibility for management of the activities. This would

be the task of a smaller group, say, of 3-6 individuals who would serve as an

executive committee, responsible for formulating, justifying, implementing, and

reporting on programs to carry out the objectives of the advisers. The members

of the executive group would spend a significant portion of their professional

time on affairs of the alliance. Its members should be chosen for their skills

in implementing technical and scientific programs. The executive committee

would not necessarily be a subset of the advisory group but some overlap may be

desirable. Let us call the first group the Advisory Panel and the second group

the Executive Board of the Mathematical Software Alliance.

Given the existence of the Advisory Panel and the Executive Board

and assuming that federal support for the alliance has been obtained and is

administered by the Executive Board, we will now describe alternate structures

for .nourishing the three stages of software evolution. (In the sequence of

actual events, the structure would be described in the proposal for federal

support.) We will diagram and comment on four plans. In the diagrams that

follow, solid lines represent continuing direct policy control while broken

lines indicate that a grant has been made or a contract signed for proscribed

research, development, or services.
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Advisory

Panel
_

[ Executive

Board

Research and Im-

plementation
(University)

G

1

Evaluation and
Refinement

(Govt. Lab)

8

1 G G
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Dissemination
and Support

(Private Corp.)

G = Universities and Non-Profit Laboratories Receiving
Grants for Work in Research, Implementation, Evaluation,

and Refinement

Comments on Plan A: With support from NSF (or some combination of

funding agencies) and guided by the Advisory Panel and Executive Board, a

university would establish a center for mathematical software which would be

concerned with the research and implementation stage. The evaluation and re-

finement stage would be focussed at a mathematical software evaluation center

located at a government laboratory and established with guidance from the Panel

and Board, These two stages would be activities of the federal government.

The dissemination and support function would be carried out by a private,

profit-making (but regulated) corporation under contract to the Executive

Board.
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Although each of these organizational components would have a

physical location, it is understood that research, implementation, evaluation,

and support will be widely dispersed activities if the best talent in the

nation is to be tapped. It would be the responsibility of the Advisory Panel

to identify areas of work and groups or agencies who could be requested to

do this work. Support for work would probably be arranged through contracts with

or grants to individuals or groips to perform research, development, or testing

in an area of interest to one of the centers. Presumably these would be grants

from the funding agency directly to the institution. The Advisory Panel could

act in a consultative capacity when proposals for such grants are reviewed.

We believe that the ratio of visiting staff to permanent staff

should be large (perhaps 2/1 or 3/1) for the research and implementation

center. This center would also provide facilities for graduate thesis work

in pertinent areas. The ratio of visiting to permanent staff would be some-

what smaller in the evaluation and refinement center but ample support for short

and long term visitors should be provided. Visits should be encouraged that

enable specialists to see their roles in a wider context. For example,

selected staff members of the dissemination and support company should spend

time at the research and implementation center to keep current on the latest

methods and thus enlarge their ability tc support certified routines. Also,

students in computer science should have an opportunity to see the evaluation

and software marketing process in action.

The usual path of software would be from the research and imple-

mentation center to the dissemination and support company (for formatting

and consistent packaging) to the evaluation and refinement center and, finally,

as certified software, back to the dissemination and support company for

marketing. and maintenance. The iEv.le of proprietary rights to packages whose

components are developed with public money is not clearly resolved and we
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lt here. The company with the dissemination and maintenance contract would

offer services in the public good and receive a fair return. Another type

of interface between government sponsored development and the general public

will be discussed below in Plans C and D.

Plan B

Advisory,

Panel

Mathematical
Software
Institute

G

1 G

G

Executive

Board

Dissemination
and Support

(Private Corp.)

Comment on Plan B: The change from Plan A is that the two federally

supported centers are combined into one.

Advantages of Plan B over Plan A -

1) A larger "mass" of talent in one place providing greater

interaction among those involved in various activities;

2) Individual staff members of the institute have a wider

choice of activities or combinations of activities;

3) Possible cost saving due to economy of scale (supplies,

computing, etc.)

Advantages of Plan A over Plan B -
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1) Recognizes explicitly the desirability of an academic en-

vironment for research and also the advantage of carrying

out "missions" at a laboratory oriented toward structured

endeavors.

2) A constructive "adversary relationship" between evaluator

and developers is easier to maintain since evaluation is

physically separated from development.

3) Greater geographical spread bringing software activities

closer to more areas of the country.

Advisory
Panel

Executive
Board

Research and
Implementation
(University)

G G G

Evaluation and
Refinement
(Govt. Lab.)

Non-Competitive

74> Distribution &
Support

G

I

Comments on Plan C: This is a modification of Plan A which is

intended to stimulate competitive private enterprise rather than contract with

a particular company to market products subject to regulation. Non-competitive

distribution and support could mean one of two things:

1. certified software is distributed and supported (free or

_ for distribution cost) by the two federally funded centers
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for a specified and limited period, say one year from the

the time it becomes generally available. After this support

is terminated the routines will, of course, remain in the

public domain but there will be a continuing need for distri-

bution, maintenance, and consultation;

1 2. distribution and support would be offered indefinitely from

the federal centers but a fair market price would be charged

for such services.

We foresee the possible emergence of a market for distribution and

support services and believe that the computing public can be served by en-

couraging the private sector to develop capacity in this area.

Comments on the involvement of the private sector: In spite of the

unquestioned scientific value of gocd mathematical software, we do not have a

good measure of its value in the market place. One small company (IMEL) is

dedicated to marketing a library of subroutines but has not existed long enough

to be assured of a long life. Large companies (e.g. IBM) market mathematical

software along with many other products and services thus clouding the issue

of profitability in the specialized area of concern here. Our conversations

with leaders in the mathematical software business stow clearly that a number

of outstanding questions exist; e.g., what level of software quality assures

customer satisfaction at acceptable cost to produce? Partial answers are begin-

ning to emerge through efforts such as RATS which provide additional data on

the costs involved in mounting a major certification effort. Pending further

information, our tentative conclusion is that research, implementation, evalu-

ation and refinement can be accomplished by collaborative efforts whose costs

0 are acceptable when broadly distributed; i.e., when undertaken as publicly

supported ventures intended to produce routines and methodology that will be
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widely used. However, it appears doubtfIll that small private capital ventures

could afford these aspects of mathematical software development. All of the

organizational plans presented in this paper are drawn under the assumption

that good mathematical software is a national resource of sufficient importance

to deserve underwriting by the federal government and that, moreover, this

support should be given in such a way as to encourage the development of

priyate software enterprise which would take over the more costly areas if

and when the economics made this possible.

Advantages of Plan C over Plan A -

1) The problem of selecting, contracting with, and

regulating a dissemination/support company is

avoided.

2) In principle, the value of scientific software in

an economic sense is determined through the oper-

ation of a free market.

Advantages of Plan A over Plan C -

1) The nature of the distribution and support services

rendered can be strongly influenced by the Advisory

Panel, thus enabling expert opinion to dominate purely

economic considerations.

2) The uncertainties of the market place can be minimized

by guaranteeing a minimum return to the company, thus

ensuring that the distribution and support mechanism

will continue to function for the benefit of users

without the federal centers bearing the burden of con-

tinuing service.
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Advisory
Panel

Executive
Board

Mathematical
Software

Institute

G Gr
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Non-Competitive
Distribution &
Support

Comment on Plan D: This is a Plan B with the dissemination/support

company replaced by the dissemination and support, concept of Plan C.
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Discributing Software

audy and Report

Dorothy E. Lang
Department of Computer Science

University of Colorado

Abstract

This paper briefly discusses the pros and

cons of distributing software via different

media. Included is a preliminary analysis of

the costs involved. An attempt is made to

evaluate distribution media and draw some con-
clusions that might suggest possible solutions
for the dissemination of mathematical software.



INTRODUCTION

Distribution of mathematical software must be an active concern of

the mathematical software center. It will be important not only to

publicize the existence of quality software, but to make such software

readily available. Several mechanisms for the distribution of programs

have been proposed. This paper attempts to evaluate distribution media.

and provide sufficient information to enable the establishment of econom-

ical distribution mechanisms.

In trying to determine the cost of distributing algorithms, we will

consider the following three media:

magnetic tape
80-column cards

S. telecommunications

Each of these media is plagued with the problems of character-set

compatability - ASCII, BCD, EBCDIC. Its an 8-bit world, but some people

refuse to admit it and those who do have their own idea of what the codes

should be. Thus, we have ASCII as the standard with limited use, EBCDIC

as a powerful loner, and BCD, our old 6-bit standby, as the most popular.

Most installations that do not use BCD can easily convert from BCD to

their own codes (since BCD has been so popular, apparently installations

not using BCD have found it convenient to have available a conversion

program). In the fast growing world of communications - termi;;als,

networks, and telecommunications - ASCII is rapidly gaining acceptance.

For 7-track tape (which brings up another problem) the 6-bit ASCII

standard is the old external BCD code. The dilenma seems best resolved

by using the BCD character-set (or ASCII if you prefer) for magnetic
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tapes, refraining from 9-track tape altogether, and using the ASCII

character-set when using telecommunications. Hollerith punch codes used

on cards vary from installation to installation (machine to machine).

The most notable differences occur with the special character codes. Such

problems are unique to the card medium.

In determining costs involved in the distribution of algorithms,

certain assumptions have been made. Overhead costs of each method are

ignored in figuring cost estimates. This is not as devastating as might

first appear. Fixed costs such as creation, development, and maintenance

of the library are presently indeterminable. One could choose an arbi-

trary system (the ARPA network might be one) and calculate cost figures

based upon their charges. However, if the system changes, the cost

figures change. If the original library size and development estimate is

far from actual, then so are the cost figures. Rather than distort the

picture any further than necessary, such overhead is presently left out

of cost figures with a word to the wise that eventually the figures

shown will increase by x amount for each medium. (These figures appear

in Appendix D.) A second type of overhead cost is also ignored. This

might best be classified as hidden cost and includes such things as

secretarial time and clerical salaries, etc.

Lastly, mailing charges and telephone charges vary according to the

distances involved. Cut-off points between media for longer distances

may be different than for local distances. For example, it may be

cheaper to distribute algorithm y locally via terminal lines, but for

distances over 1000 miles, it may be cheaper to send the algorithm via

cards. To help determine such cut-off points, the cost of distributing

each example algorithm is figured for all four media to three destinations.

Using the University of Colorado as the distribution origin, costs are



figured to Denver, Colorado (25 miles), Albuquerque, New Mexico t422 miles),

and Washington, D.C. (1696 miles).

The pros and cons of each medium will be discussed individually.

Details of pricing and cost figures appear in the appendices.



SECTION 2

MAGNETIC TAPES

For exchanging large amounts of information (over 5000 card images),

tapes are more convenient to use than cards and in addition are econom-

ically practical. Only 7-track, 1/2" magnetic tapes will be considered

here. Cost calculations are based on a 556 bpi density, 80 character

unblocked records (which is the most wasteful format for recording infor-

mation on tape). The break point between cards and tape is around 2000

cards. This figure may be somewhat lower depending on the price of the

tape.

It appears that tapes vary widely in price depending on the manu-

facturer and size of reel. For example, the range for a 2400' reel of

tape runs from approximately $10 to $25. This does not include costs of

seals or cannisters. Appendix A, Tables 1-3 contain more detailed price

information.

It is also possible to obtain empty tape reels and cut longer

length tapes into several shorter ones. For example, the cost of cutting

one 2400' reel into four 600' reels is around $22 (including the price

of the original 2400' tape, Memorex MRX III) or $5.50 per 600' reel.

A 600' tape from the same manufacturer r.ns $9.00 -- a $3.50 saving per

600' reel. It takes one 'man about 10 minutes to perform the task using

the IBM 1401.

Additional factors besides length of tape affecting tape capacity

are record size, block size, and density (bpi). Record size, for pur-

poses here will be fixed at 80 characters/record (a card image). The wide

range of tape recording densities (200-3200 bpi) causes variability
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in amounts of information on a reel of tape. This variability is less,

however, than that causes by blocking factors (see Appendix A, Table 4).

For most purposes, it appears that even with inefficient recording a

single tape can provide a large amount of information.

There are some considerations one must keep in mind about tapes -

other than those previously mentioned. Processing tapes is often system

dependent and care must be exercised in choosing a recording mode and

density, character-set, record size and block size, let alone tape size

(both width and length), that is convenient for most users. Exchanging

information via magnetic tape also initiates a time lag cycle - long

enough to receive, process, and send out a request. If time is a critical

factor, perhaps another" medium is better. In addition, tapes are ex-

tremely vulnerable to shipping damage.

For general purposes of distribution - particularly of entire

libraries or large subsets of libraries - tape should be considered an

excellent and most viable medium.

In calculating magnetic tape costs the following base was used:
1

central processor time
listing
mass storage and transfer
tape

postal charge

* Meaning one thousand

$.09 per mil*card images
.70 per mil
.50 per mil
MRXIII Type 25 (Memorex

2
)

by weight (packing not included)

1 Figures are based on sample runs to copy appropriate information onto tape

using the CDC 6400 under KRONOS operating system at the University of

Colorado. A listing was considered essential in order to determine that

a correct copy was made.

2Memorex tapes were chosen as a standard mainly due to the availability

and completeness.of pricing information at the time of this study. Also

according to recent information, Memorex tape costs are being lowered

considerably in the near future (approximately $4.00 for a 2400' reel).

This makes tapes an even more attractive medium. Additional information

shows that other manufacturers may have comparable and possibly better

prices.
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Disregarding parcel post (4th class mail service) and considering

only airmail or 1st class mail service, the break point between cards

and tape occurs around 2000 card images or 1 box of cards. This is

reassuring since anything much over a box of cards begins to become

rather cumbersome, in addition to punch code differences which are more

annoying than character-set differences.



SECTION 3

CARDS

80- column cards must not be disregarded as they are the most readily

available medium of exchange. But cards, too, have problems with varying

character codes. Up to a certain point, somewhere between 1000-2000 cards,

cards are most convenient. Cards are less prone to damage en route, and

if damaged, much easier to recreate on site. However, transporting more

than a box of cards is unrealistic. Not only would a package of any large

size take who knows how long to arrive through the mail, just imagine

receiving a library of 10,000 cards.

Card costs were calculated two ways - 1) using a card reproducer

machine, and 2) using a copy utility to punch a deck on a computer. The

following bases were used in the cost calculations:

reproducer machine

cards'

box

copy to punch utility
2

.punch
listing
mass storage transfer
CP time
box

$1.10 per mil
.22 per 1/2 box (if needed)

$.50 per mil card images
.70 per mil

.50 per mil

.09 per mil

.22 per 1/2 box (if needed)

abased on an average cost from Rocky Mountain Tabulating Card Co. price

list.

2figures based on sample runs using CDC 6400 under KRONOS operating

system at the University of Colorado.
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TELECOMMUNICATION

Evaluating exchange of information through use of telecommunications

is highly complex. There are many factors to consider in evaluating the

communication (phone and data) services available, each dependent on the

job involved, equipment available, and transmission distances. The rate

structure of the telephone system is also'highly complex. The details of

such rate structures are not readily available; and furthermore vary con-

siderably depending on origin and distance. Further complicating the

situation are the network costs themselves. These too vary depending on

the network chosen and its particular charging structure. Factors to be

considered are such things as connect time cost, central processor time

cost, storage cost, data transfer cost.

Detailed analysis of networks is beyond the scope of this study;

however, to be meaningful and to give a clearer picture of costs, they can

not be totally ignored. For the purposes of this report, only connect

time and CP time will be included in calculating telecommunication costs:

Based on the KRONOS network of the Control Data Corporation (see[6]),

connect time charges are $8.00/hr., CP time charges are $.20/CP sec.

These are relatively low charges compared to some other services (refer

to Appendix C, Table 4).

Again, detailed analysis of communication services is beyond the

scope of this study. Only three types of voice grade services will be

considered here: 1) DDD - direct dial service; 2) WATS - Wide Area

Telephone Service; 3) private leased line services. Interstate rates

for dial-up service are based on the Message Schedule I rate effective



February 1, 1970. Assuredly, these are now out-of-date; and most likely

present rates are higher. The intrastate rate between Boulder, Colorado

and Denver, Colorado is presently toll-free.

The WATS rate for Washington, D.C. to Colorado is $1750/mo., for

Albuquerque, New Mexico to Colorado, $1650/mo., Colorado intrastate rate

has not been calculated.) To simplify calculations, figures are based on

$1700/mo.

Private line service (leased line) is better suited for data trans-

mission than dial-up lines (DDD or WATS) as the lines are better controlled

in addition to being conditioned for data transmission. Conditioning

adjusts frequency and phase response characteristics of the channel (line)

to meet closer tolerance specifications. Chosen for this study was Cl

conditioning which will allow up to 2400 baud transmission rates. The

rate structure was based on a half-duplex line with 2 terminals (a 2 point

channel) not arranged for switching. This is the cheapest arrangement of

leased lines.

In general, transmission speeds range from 10 char./sec. to 9600 baud

(bits per sec., approximately 1200 char./sec.). Faster transfer rates

naturally are much more expensive, and consequently less readily available.

A 10 char./sec. rate is only practical for transferring small amounts of

information. Transferring 1000 card images takes 2 hours, 13 minutes.

It is rather undesirable to wait that long for an algorithm, let alone

)intrastate rates are not FCC controlled and vary from state to state. As

Boulder - Denver connection is toll-free via dial-up service anyway, it

is not even practical to consider WATS in this case.
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trust the line for that length of time) For example, at the University of

Colorado all one need do is tap the handset (or have the operator cut in

on your line) while you are connected to the computer to have your trans-

mission become completely garbled. For the sake of sanity, anything

over.45 minutes is considered unreasonable (and too expensive), but times

up to 4 hours have been included in calculations.

Analysis shows that unless 1200 or 2400 baud terminals are available,

costs quickly become exorbitant when compared to tape or cards. Comparisons

among the three services studied show some interesting results. It is

apparent that WATS is more expensive in all cases - except possibly if a

line already exists and there is unused time available. Between leased

lines and DDD lines, a more careful analysis is necessary in order to

determine which is more economical. Factors to consider are time of day,

point to point distance, and degree of loading. In general, a leased line

operation maintains a constant connection between terminals and computer.

A DDD connection must be made each time transmission is required. On this

basis, leased line can only be justified in cases of heavy use.

It might be noted that it is possible to transmit information from

terminal to terminal skirting the computer - and thus charges connected

with such - altogether. For example, it is possible for one teletype to

connect to another teletype, read in a paper tape at one end and punch it

out at the other. However, the transmission speeds are too low for such

1
interestingnteresting psychological phenomenon occurs with the advent of

telecommunication. Unless response is immediate or at least minimal,
the average person is unwilling to put up with delays. He would rather

wait 3-4 weeks for the delivery of a tape than wait the 2+ hours for
the transmission of the algorithm via teletype.



a method to be given any serious consideration, and are not included in

the comparative analysis.1

local distances, the cost was found to be higher than other1
excepting
media in addition to bc,ng a lengthy process..



SECTION 5

COMPARATIVE COSTS and CONCLUSIONS

Appendix D contains a series of charts showing the cost of distri-

buting different amounts of information using each type of medium. The

first is 1000 card images which is the size of ACM algorithm 343, EIGENP,

the last is 16,000 card images, the approximate size of EISPACK, the

Eigensystem Subroutine Package, developed as part of the NATS project at

Argonne National Laboratory.

These charts show that 2400 baud line terminals are the cheapest

medium. However, prices could easily be boosted if based on a more

expensive connect time charge - say $16.00/hr. (not unreasonable). This

would almost double the charge.

Strictly from a transmission cost stance, it might first appear that

telecommunication is the answer to our distribution problems. However,

there exist certain mitigating factors that make the medium less attrac-

tive. Granted, the character-set is rapidly becoming standardized, but

once we start talking in terms of terminal to terminal or network-terminal

communication links, we must also consider computer to-computer communi-

cations. Here things are not so standard and numerous non-compatible

protocols exists - particularly with remote terminals. One can not

simply set up a library network on computer xyz and announce its availa-

bility tc all. The computer must be able to "talk" with the terminals -

communicate via signals, end sync-codes and observe various protocols. Such

conflicts are extremely complex and existing networks are only beginning

to resolve them. Setting up a library network in this way could easily

restrict distribution to less than half its potential users - certainly an



0

adverse side effect for the proposed function of such a library!

With this in mind, magnetic tape is the next most economical medium

except for information of less than approximately 1000 card images. At

2000 card images, tape is comparable to cards and some DDD service costs.

Considering that tapes are presently more cost stable, and more available,

than telecommunicat4ons, magnetic tapes should be considered the most

viable medium for distributing algorithms or libraries. With the aid of

new and better technology, and the decreasing cost of terminals and data

communication lines (and hopefully computer charges) telecommunications

nay in the not too distant future become a more practical distribution

medium. But for now, it appears that magnetic tape is the most economical

medium for exchanging information.
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MRX III TYPE 25 ASTION TYPE 26
QUANTUM

TYPE 27

2400' $14.50 $17.50 $20.50

1200' $11.25 $13.00 $15.00

600' $ 9.00 $ 9.75 $10.75

400' $ 8.00 $ 8.75 $ 9.75

225' $ 6.00 $ 6.50 $ 7.50

TABLE 1 : MEMOREX TAPE PRICE LIST

(Price includes Wrijtt line tape seal)

0
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CONTROL DATA i-E.-n:u GRADE MAV.ETIC TAPE

Prices for 200', 400' or 630' lengths FOB Destination

QUANTITY
600 BPI 1600 BPI

200' i 400' 600' 200' 400' 600'

1-49 Reels 5.80 7.55 6.75 6.00 7.75 9.0C I

59-59 Rcals 5.55 I 7.30 6.50 5.75 7.50 I 8.75
I

100-499 Reels 5.45 7.20 5.25 5.50 7.25 I 6.50
I

500-999 Reels 5.30 j 7.00 8.00 5.25 740 I 6.25

1000 Reels or more Obtain Special Quote Obtain Special Quote i

1

Pric ! for 1200' cr 2400' lengths FOB Destination

QUANTITY
800 BPI 1600 BPI

1200' 2400' 1200' 2400'

1-99 Reels 14.00 = 18.50 14.40 1 19.00

100-299 Reels 13.25 I 17.50 13.65
I 18.00

300-499 Reels 12,75 17.00 13.15 17.50

500-699 Reels 12.50 I 16.50 12.90
I

17.25

700-999 Reels 12.25 16.00 12.65
I

17.00

1000-2999 Reels 12.60 15.50 12.40 16.50

3000 Reels or more Obtain Special Quote Obtain Special Quote

NOTE: Deduct .25 each for lengths (1200' S. 2400'} using the Urightline Tape Seals

Tape prices are F.O.B. destination in the ccntinental United States, if shipped by
Control Data Corporation routing. Air snipments or customer routing will be at the
customer's expensePrices do not induce applicable local, state or Feocral taxes,

STANDARD GRADE rAcNETIC TAPE 1:10 {3200 FCI1 CERTIFIED

QUANTITY! 1-99

2400' 13.25

1200' 11.25

SEALS

I 100-299 i 300-499 I 503-699 ! 733-999 100C-2599 ; 3:30-6p

1 12.95 1 12.65 ! 12.35 12.05 1 11.751 11.25

10.95 I 10.65
1

10.35 1 10.05
1

9.60 9.25

TABLE 2: Control Data Corporation

Price List, June 22, 1971



HALF INCH MAGNETIC TAPE

Quality

Testing Density
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- Series/500 is the latest state
of the art and the only quality
offered by IBM.

- 3200 flux changes ner inch for
recording up to 1600 bits per
inch.

Standard Available Lengths - 300' - Mini Reel
600' - 08-1/2" Reel

1200' - 08-1/2" Reel
2400' - 10-1/2" Reel
2700' - 10-1/2" Reel

Packing

Also, 100' and 200' lengths are
available.

- 1. Containerless
2. Wrap Around (several styles)
3. Full Cannister

(a) Thin Line
(b) Standard

4. E-Z Load Cartridge

Price range from $5.00 to $20.00
per reel depending on configuration
and quantity.

TABLE IBM Tape Configurations

and Prices
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3/4" record gap
.1" per card image at 800 bpi
.15" per card image at 556 bpi

UNBLOCKED RECORDS
800 bpi - 2400' reel
7-0713-e-r card image 28800 " /tape = 33882

.85"/card tape

2400'
55 pi per card image = 32000 cards image/tapes

1200' 16000

600' 0000

400' 5333
225' 3000

100 1333

BLOCKED RECORDS
10 Records/Block
556 bpi - 2400'
2.25" per block = 12800 blocks = 128,000 and images

600' = = 32,000 card images

225' = = 6,400 card images

20 Records/Block
556 bpi- 2400'
3.75" per block = 7680 blocks x 20 = 153,600

600' 38,400

225' 7,680

32,000 cards = three cases/box or 16 boxes cards

TABLE 4: TAPE CAPACITIES OF CARD IMAGES

-19-
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Card Costs
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CARDS:

RM 11825, Binary $1.10/m $11.00/case

RM 5081, Green Stripe $1.11/m $11.10/case

P.M 1009, Fortran $1.11/m $11.10/case

RM 11819, Job card, Yellow $1.16/m $11.60/case

RM 11819, Job card, Red $1.16/m $11.60/ case

RM 11819, Job card, White $1.21/m $12.10/case

RM 5081, Brown, 4 square $1.16/m $11.60/case

RM 5081, Blue $1.16/m $11.60/case

RM 10938, Calmgn $1.16/m WV/case

RM 11818, Natural $1.10/m $11.00/case

Blank White, 4 square $1.21/m $12.10/case

TABLE 1: ROCKY MOUNTAIN TABULATING CARD COMPANY COSTS
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Rate
Step

Rate
Mileage

1 1-10
2 11-16
3 17-22

4 23-30
5 31-40
6 41-55
7 56-70
8 71-05
9 06-100

-24-

STATION-ODDI - - _ _
Evening Night

_ .
Wee:tend

Each Each Each Each
Initial ACcil Initial ;WWI Initial ;WWI Initial ACC'
3 min. Min. 3 min. Min. 3 min. Min. 3 min. min.

5 .15 5.05 5.15 5.05 $.13 5.05 $.15 5.03
.20 .05 .20 .03 .10 .05 .20 .05
.25 .05 .25 .0§ .10 .05 .20 .05

.30 .10 .30 .10 .10 .05 .20 .05

.35 .10 .35 .10 .15 .10 .35 .10

.40 .10 .40 .10 .15 .10 .35 .10

.45 .15 .40 .10 .15 .10 .35 .10

.50 .15 .40 .10 .15 .10 .35 .10

.55 .15 .40 .10 .15 .10 .35 .10

10 101-124 .60 .15 .45 .15 .15 .10 .35 .10
11 125-143 .65 .20 .50 .15 .20 .15 .50 .15
12 149.196 .70 .20 .55 .15 .20 .15 .50 .15

13 107-244 .70 .20 .55 .15 .20 .15 .50 .15
14 24:,-202 .75 .25 .55 .15 .20 .15 .50 .15
15 29Z-354 .00 .25 .e- .e4

,- .15 .20 .15 .50 .15

16 355-130 .35 .25 .60 .20 .20
17 431-675 .05 .30 .60 .20 .20
18 673-925 1.05 .35 .65 .20 .20

.15 .50 .15

.15 .50 .15

.15 .50 .15

. 19 026-1360 1.15 .35 .70 .20 .25 .20 .65 .20
20 1361-1'910 1.25 .40 .75 .25 .25 .20 .65 .23
21 1911-3000 1.35 .45 .65 .23 .35 .20 .70 .20

I

--- - ----- - --- ----- - -
Day. 8 cm-5 pm, Man-Fri: evening, 5-11 pm, Sun-Fri; night, 11 pm-0 am, daily; weekend, 8 am -1 1 pm,
Sat and 0 em-5 pm, Sun.

TABLE 1: Interstate rates for dial-up service:

Message Schedule 1 Rate, effective February 1, 1970 [2]



State 1st 10 hrs. Each addil hr

New Mexico - Colorado $300 $22.40

Washington, D.C. - Colorado $315 $23.60

. Average $307.50 $22.95

TABLE 2: Measured WATS Rates

State

New Mexico $1750/month (Band 6)

Washington, D.C. $1650/month (Band 5)

Average $1700/month

TABLE 3: Full WATS Rates

WATS RATES



Type of Line

Half- Duplex

Fuh-Ouplex

-26-

Rate par Airline Mile per Month

Firs 21.1
Miles
53.00

3.30

Next 75
Mias

Next 150
Miles

$2.10 51.50

Next 250 Add.
Miles

51.05 50.75
2.31 1.65 i 1.155 0.625

TABLE 4: Monthly mileage rates: Private Line Service

Charge per Service Terminal I Monthly
Cnarce

Installation
Charge

First station in an exchange
Halfduptex
Full -duple x

512.50 $10.00
13.75 10.00

Each additional station on the same
SerVICC one an tne same service

Ha Ifduo:ex 7.50
Full-duplex 8.25

10.00
10.00

Note: Where an interchar.re cr.onnelswitching arrangement is provided. each stat on at the switching
point requirei, a sr:rt. ice terminal for each private line to wnien it of. connected wnich can Do operated
as a separate private line.

co
Cl

TABLE 5: Monthly service terminal rates: Private Line Service

Type of Conditioning
. .

Twopoint channel
not arranged for switching per exchange
arranged for switching per exchonao

Multipoint channel
not arranged for switching per exchange

C2

Monthly
Rate

$ 5.00
10.00

10.00

Twopoint char.nel
not arrang:-d for 5witchin:: par exchange
arrom:ed for switching par exchonce

Mu ltipoint chsrtncl
not arrar.ged for switching
arranged for switchinz

19.00
28.00

28.00
28.00

C4
Two-paint charmsl

for the first statisn in an oxonanca 30.00
for each otlz;.ticr.ol in the some exchange 0.75

Three paint Or ch.)ret el
fcr the first r.1::tien in on ex.:her:le 30.00
fcr coch stat.on In the some axons:V:0 9.75

L
NOTE: On a tnrcr-roint or :our. pint c".an.t...'. C4 co"d...ortin:: r.P1:1C5 only betwoan one e=zor.:1::e(GC:Si:Plated oy tne ct;storaz.r ccn :rel point) and eoo:i of the other two or three exchanges.

C4 conditioning is r.ot avaiiaLle on channels witn more tnan four points.
_ _

TABLE 6: Monthly channel-conditioning rates: -Private Line Service

PRIVATE L:;;E SERVICE RATES [2]
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'30

757, Loading 50% Loading 25% Loading

Full WATS 13.03 19.54 39.08

Measured WATS 22.57 25.39 28.78

TABLE 7: WATS Base Rates ($1700/mo base) [2]

7e

,8g Loading 50% Loading 25% Loading

Albuquerque, N.M. 11.88 17.82 35.64

Washington D.C. 13.68 20.51 41.02

TABLE 8: Leased Line Base Rates* (including connect time charges)

* Two terminal, two pt. line, Cl conditioning [2]

TELECOM=ICATION BASE RATES

-27-
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TABLE 9: 1...ior%--fi,:.2.,,:iaring Costs [6]
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WATS rates are figured on 174 hr./mo. (1 full shift per day). 75%

loading then would be 130.5 hr./mo. usage. The $8.00/hr. connect time

charge and the $.20/CP sec. charge is added to each figure accordingly.

Leased line rates are figured on a 24 hr./day, 723 hr./mo. connect

time. Since Control Data Corporation makes no distinction between remote

batch and timesharing the connect time charge is included in the hourly

cost.

ODD line rates are figured on Message Schedule 1, February 1, 1970

plus the connect time charge of $3.00 /hr., CP sec. time charge of

$.20/CP sec.

Mailing rtes for both tapes and cards are figured by airmail only.

Weight used does not include packing.
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